Secondary oxalosis causing acute kidney injury (AKI) has been widely reported in native kidneys but its occurrence in allograft kidneys is relatively uncommon. We present three patients with acute kidney allograft dysfunction secondary to tubular oxalate microcrystal deposits confirmed on allograft biopsy in the setting of acute gastrointestinal dysfunction. These three patients presented with AKI that was preceded by episodes of ongoing diarrhea ranging from 10 to 90 days. All patients were on vitamin C and/or multivitamin supplementation. Two of the three patients needed long-term renal replacement therapy with the third patient recovering his kidney function after 2 months. The risks versus benefits of vitamin C supplementation in renal transplant patients should be carefully evaluated especially in the setting of gastrointestinal dysfunction.
Introduction
Kidney allograft failure has a significant impact on patient morbidity and mortality [1] . Secondary oxalosis (or increased accumulation of oxalic acid due to increased intake or decreased excretion) affecting the allograft kidney is an uncommon cause of acute kidney injury (AKI). To the best of our knowledge, there are only two previous case reports of secondary oxalosis in renal transplant patients [2, 3] . Here, we present three cases with acute allograft dysfunction and moderate-to-severe tubular calcium oxalate microcrystal deposits on allograft biopsy.
Case history
The Institutional Review Board at the University of Iowa Hospital and Clinics (IRB) waived the need for an informed consent. Case 1. This is a 78-year-old male with a history of a kidney transplant for end-stage kidney disease (ESKD) secondary to glomerulonephritis. He presented with a 10-day history of nausea, vomiting, abdominal cramps, watery diarrhea and AKI. His baseline serum creatinine level prior to the admission was 2.5 mg/dL (221 μmol/L). He also reported a weight loss of ∼3.6 kg since the diarrhea started. He denied fevers or chills. A brief summary of his laboratory values is shown in Table 1 . His maintenance immunosuppression consisted of cyclosporine 50 mg orally twice daily, mycophenolate mofetil (MMF) 500 mg per oral twice daily, prednisone 5 mg orally once daily and a 500 mg tablet of vitamin C daily.
The vitals on admission were unremarkable. On examination, the patient appeared chronically ill and had mild tenderness over the kidney allograft located in the left lower quadrant without any bruits. The rest of the physical examination was unremarkable.
He was started on hemodialysis for 2 hours on the first day. In view of complex clinical presentation and multiple possible confounders, a kidney biopsy was performed.
The biopsy showed moderate-to-severe calcium oxalate tubular microcrystal deposition associated with mild-tomoderate interstitial fibrosis and tubular atrophy. Vitamin C supplementation was stopped and the patient remains on intermittent hemodialysis.
Case 2. This is a 59-year-old male with a history of a kidney transplant for ESKD of uncertain etiology. His immediate post-transplant baseline creatinine level was 2.2 mg/dL (194.4 μmol/L) which prompted multiple kidney biopsies in the first year to evaluate for acute rejection.
On admission, he presented with AKI and intermittent watery diarrhea for the past 12 months and 45.5 kg weight loss. After an extensive workup for his diarrhea including colonoscopy, the presumed etiology appeared to be related to the use of mycophenolic acid (MPA). His pertinent laboratory findings are summarized in Table 1 . His maintenance immunosuppressive medications included cyclosporine 75 mg orally twice daily, MPA 360 mg orally twice daily and prednisone 5 mg orally once daily. In addition, he continued to take a 500 mg tablet of vitamin C every day.
The vitals and the physical examination on admission were unremarkable. The worsening AKI prompted a kidney allograft biopsy. The biopsy findings were consistent with chronic transplant glomerulopathy with moderate-to-severe calcium oxalate deposits associated with mild-to-moderate interstitial inflammation.
In spite of stopping the vitamin C, the patient had progressive worsening of the kidney function and has remained on hemodialysis.
Case 3. This is a 40-year-old male status post kidney pancreas transplant for ESKD due to type 1 diabetes mellitus. His baseline serum creatinine post-transplant was 1.5 mg/dL (132.6 μmol/L).
He presented with a 6-week history of nausea, vomiting, diarrhea and flu-like symptoms. His serum creatinine upon admission was 5.4 mg/dL (477.3 μmol/L). His maintenance immunosuppression consisted of tacrolimus 2 mg orally twice daily, MMF 500 mg orally three times daily and prednisone 2.5 mg orally daily. Additional medications included multivitamin one tablet orally daily (with vitamin C content of 60 mg) and an additional 500 mg of vitamin C every day. The vitals and the physical examination on admission were unremarkable. His pertinent laboratory findings are summarized in Table 1 . Due to a concern for allograft rejection (in the setting of rise in serum creatinine levels, amylase and lipase), a kidney biopsy was performed.
Biopsy findings were consistent with mild interstitial fibrosis and tubular atrophy with moderate-to-severe calcium oxalate deposits within the tubules.
He was advised to stop the multivitamin and the vitamin C tablet. Over a period of 2 months, his serum creatinine level improved to 2.4 mg/dL (212.2 μmol/L).
Discussion
Oxalate is a metabolic end product that is excreted essentially unchanged in the urine after absorption in the gastrointestinal tract. Urinary oxalate is largely derived from the endogenous metabolism of glycine, glycolate, hydroxyproline and vitamin C [4] . Hyperoxalosis from any cause converges on a common final pathophysiological pathway of supersaturation of the renal tubular fluid leading to the precipitation of oxalate crystals in the renal interstitium creating an interstitial nephritis, macrophage recruitment and surge in inflammatory mediators ultimately leading to tubular atrophy and AKI [5] . Secondary oxalosis in native kidneys is well documented and can cause AKI resulting in a rapid loss of kidney function [6] [7] [8] [9] .
Isolated tubular deposits of oxalate crystals are not a rare finding in the normal or failing kidney at any stage, and even in the transplanted kidney. Isolated oxalate crystals do not imply renal damage, although oxalate deposits in kidney grafts have a negative effect on longterm renal function [10, 11] . In contrast, abundant tubular or interstitial deposits of calcium oxalate are highly suggestive of a hyperoxaluric condition in the native or transplanted kidney.
Enteric dysfunction is a documented cause of secondary oxalosis. The differential diagnosis for diarrhea in the post-transplant patient includes medications (immunosuppressive and non-immunosuppressive), bacterial/viral enteric infections (e.g. Shigella spp., Escherichia coli, Cytomegalovirus, Campylobacter spp., Clostridium difficile) and bacterial overgrowth syndromes [12] . Normally, intestinal calcium binds to oxalates and is excreted as calcium oxalate in the stool, thereby limiting the absorption into the systemic circulation to ∼10-12% of the enteric oxalates. In malabsorption syndromes, steatorrhea, post-gastric bypass surgery, the enteric calcium chelates with fatty acids and is not biochemically available to bind oxalates, thereby increasing systemic absorption [12] Gastrointestinal complications especially diarrhea is common in patients on immunosuppression especially MMF [13] . Gastrointestinal epithelial cells are partially dependent on the de novo purine synthesis pathway for replication and regeneration, which is inhibited by MMF and its active metabolite. Thus, MMF can lead to fluid malabsorptions and diarrhea, which could be a precipitating factor for secondary oxalosis [13] . The three patients reported here were on MMF/MPA as part of their immunosuppressive regimen. Replacement of MMF with an alternative medication could be an appropriate adjunct to therapy in the setting of concern for secondary oxalosis [14] .
The causative role of alterations in oxalate metabolizing bacterial flora in the gut and hyperoxaluria is also gaining significance [15, 16] . Common intestinal commensals such as Oxalobacter formigenes can metabolize enteric oxalates and play a crucial role in oxalate We postulate that one other potential factor for precipitating secondary oxalosis is vitamin C (not prescribed and even in normal doses) as this was present in all of our patients. All other potential causes for secondary oxalate nephropathy (ethylene glycol, orlistat and methoxyflurane) were ruled out. Vitamin C has been increasingly prescribed for a number of indications ranging from the common cold to anemia management in dialysis patients. Clinicians often underestimate the role of vitamin C in hyperoxalosis [17] . Vitamin C, being a watersoluble vitamin, offers a false sense of safety and although in the vast majority of cases, daily vitamin C supplementation may not be of concern, one has to be cautious in patients with established risk factors for kidney disease. In addition, patients may receive vitamin C as part of total parenteral nutrition. Previously reported cases with series in liver transplant patients suggest that even normal doses of vitamin C supplementation (≤500-1000 mg/day) may contribute to oxalosis in the presence of additional risk factors such as a diarrheal illness [18] .
The calcium oxalate crystal appears as a colorless crystal predominantly present in the distal tubules and shows bright white polarization characteristics (Figure 1) . The presence of oxalate crystals can be overlooked as these are colorless and are visible only on the hematoxylin and eosin stained slides. In addition, they are dissolved away and not readily visible with the other special stains routinely used for kidney biopsy such as periodic acid Schiff, trichrome and silver stains. Polarization microscopy does make them visible in a spectacular fashion and readily demonstrates the true extent.
These cases illustrate the importance of recognizing the presence of oxalate crystals as a distinct etiology of renal allograft dysfunction. Excluding precipitating causes such as vitamin C while ensuring adequate fluids and pancreatic enzyme replacement for steatorrhea could be helpful in preventing oxalate nephropathy.
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